
Two-Particle Correlations in p+p and p+Au Collisions
with the MPC+MPC-EX detector at RHIC-PHENIX

Nathan Grau

for the PHENIX Collaboration
Augustana University

October 31, 2015

N. Grau (Augie & PHENIX) DNP 2015 10/31/15 1 / 13



Outline

I Pinning down nuclear parton distribution functions

I Highlights of how PHENIX has addressed this with forward
measurements in 2008 d+Au.

I MPC-EX upgrade and expectations of furthering these measurements.
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Nuclear Parton Distribution Functions (nPDFs)

RA
i =

xf Ai (x)

Axfi (x)

I By unitarity pinning down the
location of the curve at any x
affects the value at all other x .

I Experimental goals
I Make measurements

throughout this curve
I Make measurements as a

function of impact parameter
I Look for physics beyond

nPDF, i.e. cold nuclear
matter energy loss

Physics Overview Cold Nuclear Matter

Figure 1.1: EPS09 gluon nuclear modification ratio, i.e. the ratio between the gluon PDF in a
heavy nucleus (Pb) and in a proton. The lines correspond to the various possibilities which
are consistent with world data. At low x, there is virtually no constraint.

1.1.2 Models including the Color Glass Condensate and EPS09

A variety of physical pictures have been used to model gluons at low-x, or forward rapidity.
These fall into several classes. The first class of these models extend pQCD calculations into
the non-pertubative regime, via the addition of multiple scattering, coherence or higher
twist effects[20]. A second class of models is referred to as the Color Class Condensate
(CGC)[49, 46] and assume that the density of gluons is high enough that to first order,
they can be treated classically. Quantum corrections are added as a second order effect.
In its region of applicability (see Figure 1.2) the CGC is a rigorous QCD calculation
with essentially one free parameter - the saturation scale Qsat, although in practice other
parameters or assumptions are invoked in order to make comparisons with experimental
data. The two contrasting sorts of models could be two equivalent descriptions of the same
phenomena, with one being more appropriate than the other depending on the kinematic
range in question. An example of this “duality” is mentioned below in the discussion on
transverse momentum dependent gluon distributions and the CGC.
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PHENIX Experiment
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I Central spectrometer: charged tracking, EM calorimetry, electron id

I Forward muon spectrometer, 1.2 < |η| < 2.2

I MPC – PbWO4 EM calorimeter, 3 < |η| < 3.8
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Correlated pairs with forward π0

I Pair MPC clusters with π0

identified in central arm or
MPC.

I Pair suppression factor

JdA =
d + Au yield

〈Ncoll〉 × p + p yield

I Measured as a function of an
approximation for x

x
frag
Au =

〈pT1〉e−〈η1〉 + 〈pT2〉e−〈η2〉

√
sNN

A. Adare et al. (PHENIX Collaboration) Phys. Rev. Lett. 107,

172301 (2011)

I Rate of pairs arising from
lower-x partons in Au
suppressed in central d+Au
collisions compared to p+p.
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Correlated Heavy Flavor e − µ Production
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A. Adare et al. (PHENIX Collaboration) Phys. Rev. C 89,

034915 (2014) as Editor’s Suggestion

JdAu(2.7 < ∆φ < 3.2) = 0.433± 0.087( stat.)± 0.135 (syst.)

I e±: pT > 0.5 GeV, |η| < 0.35
I µ±: pT > 1.0 GeV,

1.4 < η < 2.1
I d-going, probing low-x gluons

in Au.

I Like-sign subtraction and other
techniques removes all
light-hadron backgrounds.

I x ∼ 10−2 at Q2 =10 GeV2, at
the edge of the shadowing
region.
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J/ψ RdAu

I Full pT , y and centrality dependence of J/ψ
RdAu =

d + Au yield

〈Ncoll 〉p + p yield

low-x intermediate-x high-x
TRANSVERSE-MOMENTUM DEPENDENCE OF THE J/ψ . . . PHYSICAL REVIEW C 87, 034904 (2013)
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FIG. 12. (Color online) J/ψ → e+e− RdAu, as a function of pT

for (a) central, (b) midcentral, (c) midperipheral, and (d) peripheral
events in the interval |y| < 0.35. Curves are calculations by Ferreiro
et al. [29] discussed in the text.

of the available data. For J/ψ production in d + Au collisions
the relevant distributions are those providing the modification
of the gluon distribution within a Au nucleus, as J/ψ’s are
produced primarily through gluon fusion at

√
s

NN
= 200 GeV.

The nPDF’s provide modifications as a function of parton
momentum fraction (x) and energy transfer (Q2). Knowledge
of the J/ψ production kinematics is then needed to produce
a modification to J/ψ production in d + Au collisions. For
J/ψ production at backward rapidity and 0 < pT < 8 GeV/c,
a range of 0.051 < x < 0.39 in the Au nucleus is probed,
assuming simple 2 → 1 kinematics. While 2 → 1 kinematics
are inadequate to describe the production of a J/ψ with
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FIG. 13. (Color online) J/ψ → µ+µ− RdAu, as a function of pT

for (a) central, (b) midcentral, (c) midperipheral, and (d) peripheral
events in the interval 1.2 < y < 2.2. Curves are calculations by
Ferreiro et al. [29] discussed in the text.

nonzero pT , they are used here to provide a simple estimation
of the x and Q2 ranges covered. With the same assumption,
midrapidity covers 0.0094 < x < 0.071 and forward rapidity
covers 0.0017 < x < 0.013. A range of 10 < Q2[GeV2/c2] <
74 is probed at each rapidity under the same assumptions. The
data thus provide a strong constraint to shadowing models over
a wide range of x and Q2.

Nuclear breakup is the dissociation of cc̄ pairs that would
have formed J/ψ’s through collisions with nucleons. Little
theoretical guidance currently exists for this, owing to the
many complications and competing effects involved in J/ψ
production in p(d) + A collisions. Often this effect is modeled
by a simple “effective” cross section, which remains constant
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of the available data. For J/ψ production in d + Au collisions
the relevant distributions are those providing the modification
of the gluon distribution within a Au nucleus, as J/ψ’s are
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nonzero pT , they are used here to provide a simple estimation
of the x and Q2 ranges covered. With the same assumption,
midrapidity covers 0.0094 < x < 0.071 and forward rapidity
covers 0.0017 < x < 0.013. A range of 10 < Q2[GeV2/c2] <
74 is probed at each rapidity under the same assumptions. The
data thus provide a strong constraint to shadowing models over
a wide range of x and Q2.

Nuclear breakup is the dissociation of cc̄ pairs that would
have formed J/ψ’s through collisions with nucleons. Little
theoretical guidance currently exists for this, owing to the
many complications and competing effects involved in J/ψ
production in p(d) + A collisions. Often this effect is modeled
by a simple “effective” cross section, which remains constant

034904-13

A. ADARE et al. PHYSICAL REVIEW C 87, 034904 (2013)

 (GeV/c)
T

p
0 1 2 3 4 5 6 7 8 9

dA
u

R

0.5

1

1.5

2

2.5
-2.2<y<-1.2 (8.3%)
|y|<0.35 (7.8%)
1.2<y<2.2 (8.2%)

FIG. 10. (Color online) J/ψ RdAu, as a function of pT for
0–100% centrality-integrated d + Au collisions in all three rapidity
intervals. The Type C systematic uncertainty for each distribution is
given as a percentage in the legend.

data. Because the Type B uncertainties are roughly consistent
in the fit range, we have chosen here to add the average
Type B uncertainty for pT > 4 GeV/c in quadrature with the
Type C uncertainty. We find that at mid- and forward rapidity
the average RdAu for pT > 4 GeV/c is consistent with 1.0,
while at backward rapidity the average RdAu is greater than 1.0.

The production of a J/ψ at forward rapidity in A + A
collisions involves a low-x gluon colliding with a high-x gluon.
The symmetry owing to identical colliding nuclei results,
essentially, in the folding of the forward and backward rapidity
RdAu. The production of a J/ψ at midrapidity results, essen-
tially, in the folding of the midrapidity RdAu with itself. This
picture is simplistic and leaves out many details, but it gives
some expectation for the result of the modification of J/ψ
production in A + A collisions owing to CNM effects. If we
extrapolate the observed behavior of RdAu to the modification
of J/ψ’s produced at forward rapidity in A + A collisions,
we would expect a RAA contribution from CNM effects to be
similar to, or greater than, 1.0 at high pT and a modification
similar to 1.0 at midrapidity. The observation at midrapidity of
a J/ψ RAA in Cu + Cu collisions that exceeds, but is consistent
with, 1.0 at high pT [28] may therefore be largely accounted
for by the contribution from CNM effects. Further work is
needed to understand the detailed propagation of measured
results in d + Au collisions to an expected CNM contribution
in A + A collisions before this can be fully understood.

Figures 11–13 show RdAu vs pT in four centrality bins
for backward rapidity, midrapidity, and forward rapidity, re-
spectively. The numerical values are tabulated in Appendix B.
For peripheral collisions the RdAu remains consistent with 1.0
within statistical and systematic uncertainties across all pT in
all rapidity regions.

A. Comparison with model predictions

As mentioned previously, various models have been
suggested to describe the CNM effects on J/ψ production.
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FIG. 11. (Color online) J/ψ → µ+µ− RdAu, as a function of pT

for (a) central, (b) midcentral, (c) midperipheral, and (d) peripheral
events in the interval −2.2 < y < −1.2. The 60–88% RdAu point at
pT = 5.75 GeV/c has been left off the plot, because it is above the
plotted range and has very large uncertainties; however, it is included
in the last Table of Appendix B. Curves are calculations by Ferreiro
et al. [29] discussed in the text.

The models that will be discussed here include a combination
of physical effects such as shadowing, nuclear breakup, and
the Cronin effect.

Shadowing, the modification of the parton distributions
within a nucleus, is calculated using parametrizations of
DIS data in the form of nuclear modified parton distribu-
tion functions (nPDF’s). There are a number of nPDF sets
available, including deFlorian-Sassot (nDSg) [30], Eskola-
Kolhinen-Salgado (EKS98) [31], and Eskola-Paukkunen-
Salgado (EPS09) [32], which provide the kinematic depen-
dence of the modification based on different parametrizations
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2015 p+A Running

  

p A
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MPC-EX Upgrade

The MPC-EX The MPC-EX Preshower Detector

Figure 2.2: 3D rendering of the Muon Piston Pit with fully installed MPC-EX detector
components.

30

I Si-W pre-shower added in front of MPC

I Separate two photon showers from π0

decays up to E = 80 GeV.

I Installed in Oct-Nov 2014 and taking
data.

I Took data during 2015 p + p, p+Au
and p+Al running at RHIC.
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MPC-EX with Data

I Hit distribution in p + p for each layer

I Top: South arm, backward rapidity, probes high-x in Au.

I Bottom: North arm, forward rapidity, probes low-x in Au.

I Left-to-right closest to furthest from the nominal interaction point.
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MPC-EX with Data

I Dual SVX-4 ADCs per 32x4
minipads

I Each minipad split between two
capacitors, high gain/low gain
5.

I MIP visible in low gain channels
after pedestal subtraction.

I Energy calibration ongoing.
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Future Work
Physics Overview Cold Nuclear Matter

Figure 1.1: EPS09 gluon nuclear modification ratio, i.e. the ratio between the gluon PDF in a
heavy nucleus (Pb) and in a proton. The lines correspond to the various possibilities which
are consistent with world data. At low x, there is virtually no constraint.

1.1.2 Models including the Color Glass Condensate and EPS09

A variety of physical pictures have been used to model gluons at low-x, or forward rapidity.
These fall into several classes. The first class of these models extend pQCD calculations into
the non-pertubative regime, via the addition of multiple scattering, coherence or higher
twist effects[20]. A second class of models is referred to as the Color Class Condensate
(CGC)[49, 46] and assume that the density of gluons is high enough that to first order,
they can be treated classically. Quantum corrections are added as a second order effect.
In its region of applicability (see Figure 1.2) the CGC is a rigorous QCD calculation
with essentially one free parameter - the saturation scale Qsat, although in practice other
parameters or assumptions are invoked in order to make comparisons with experimental
data. The two contrasting sorts of models could be two equivalent descriptions of the same
phenomena, with one being more appropriate than the other depending on the kinematic
range in question. An example of this “duality” is mentioned below in the discussion on
transverse momentum dependent gluon distributions and the CGC.
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p A

I Measure pairs of particles triggered with high-pT identified π0 in
MPC+MPC-EX.

I Trigger on both north and south arm to access both low-x and high-x
gluons in Au simultaneously.
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Conclusions & Acknowledgements

I PHENIX has measured suppressed production of single particles and
pairs at forward rapidity.

I No consistent picture from nPDF modification and energy loss can
describe all data across pT , η and centrality.

I MPC-EX upgrade increase the Q2 range for measurements at forward
rapidity.

I High statistics dataset for p + p and p+Au on tape and being
analyzed.
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